Embraer and Canadian Bombardier. Embraer and Bombardier are 3rd and 4th largest suppliers of commercial aircrafts. These are main rival competitors in the segment of small commuter planes. Our main objective was to study changes of R&D projects performance when alterations of environmental factors are simulated. Basically, we observed significant difference between SMCs and Blue Chips. SMC tend to start new R&D projects on their own while Blue Chips buy other companies that already have access to new technologies. Moreover, in the group of small companies, R&D costs are significantly positive, while Blue Chips show opposite results as R&D costs are negative and statistically significant in this group. In addition, R&D projects and patents possessed by investigated companies affect positively R&D projects valuation. Future growth, which forms part of the value of a company, depends on the number of patents pertaining to companies and newly started R&D projects which subsequently will become patents possessed by those companies.
Introduction
Real options (RO) technique is used to value investments decisions under uncertainty (e.g., Dixit & Pindyck, 1994; Trigeorgis, 1996; Miller & Bertus, 2005; Schneider et al., 2008) . This real options framework implies that any corporate decision to invest or divest in assets is simply viewed as an option (Miller & Bertus, 2005) . Applications of RO method can be found in numerous areas (Trigeorgis, 1996; Graham & Harvey, 2001; Miller & Bertus, 2005; ) , but real options valuation methods have tended to follow financial option pricing techniques (Black & Scholes, 1973; Merton, 1973; Margrabe, 1978; Cox et al., 1979; Geske, 1979; Carr, 1988; Newton et al., 2004; Miller & Bertus, 2005; Mileris, & Boguslauskas, 2011) which are applicated into key business segments of different areas companies like manufacturing, inventory, natural resources, research and development, strategic decisions, technology, and stock valuation (Coy, 1999; Miller & Bertus, 2005; Mileris, & Boguslauskas, 2011) . And currently, although use of traditional methodology like the net present value is more used by companies (Schneider et al., 2008; Willigers & Hansen, 2008) , relevance of RO method is growing up continuously and therefore it probably becomes a new paradigm in investment decisions in short future (Coy, 1999; Perlitz et al.,1999; Copeland & Antikarov, 2001) .
Therefore, in this paperwork we analyze the model of real options based upon the competition between two rival companies and with the research aim to derive the value of their R&D projects. We study the importance of R&D expenditures for SMC (small and medium companies) and for Blue Chips, utilizing a representative sample of companies that are listed on international financial markets. We simply assumed that given the agency costs (Jensen & Meckling, 1976; Piper & Weinhold, 1982) we could possibly observe certain discrepancies in these two groups of companies. Basically, big companies due to the agency costs tend to squander their excessive free capital whilst SMC are more prudent in their investment decision making process. Further, we emphasize the importance of managing R&D projects as a source of knowledge very useful in the field of creating opportunities of growth. Subsequently, we present a duopoly model for R&D options and its application to the case of Brazilian Embraer. Further, carrying out a statistical analysis of a selected sample of companies we test several formulated hypotheses. Finally, we present our results and conclusions for the entire investigation.
Background R&D projects resemble a financial option to buy (call option) (Amram & Kulatilaka, 1999) . They contain the right to acquire certain assets during certain period of time which is unknown "ex ante", investing certain quantity of funds (capex). Likewise financial options they contemplate an underlying asset, strike price, time to expiry, uncertainty that accompanies the project itself (volatility) and time value of money (risk-free interest rate) .
Continuing the viewpoint of options approach to evaluate R&D projects, where investigation cost is a premium of R&D option and disbursements to carry out a project itself constitute the strike price. The pay-off of such an option depends on possible success of products commercialized and introduced into the market. The expected value depends on future cash flows that are going to generate a determined project of investment. This value is quite difficult to predict for R&D projects because consumers reaction regarding a new product or technology is unknown a priori (Black-Scholes, 1973 ). Neither precise moment of its discovery is known what diminishes credibility of any forecast. Simply, one option leads up in its nature to bring into existence other RO's. Consequently, R&D project is in reality a compound option, since its exercise entails the entrance in the phase of introduction of a new product which usually sparks the existence of such real options as option to differ, abandon, expand, contract or exchange (Trigeorgis, 1996) . They should also be reflected in total valuation of R&D projects in particular the option to commit to additional expenditures on advertising and developing a distribution network (Otto, 2000) . The exercise price is an indispensable investment corresponding to future cash flows (capital expenditures). For R&D option exercise price is necessary to produce and commercialize new products or technologies once required patents are obtained. The time to expiry of R&D option is a period that remains up to the moment of a closure or opening of the possibility to carry out an investment through the payment of the exercise price (capex). Innovative activities are reflected in contemporary conceptions of technological innovations (Snieska & Vasauskaite, 2005; Vasauskaite et al., 2012) , but the firm concentrates more on improving financial results (Snieska & Venckuviene, 2011) . Interpretation of innovation in business, industry as well as in public sectors is totally diverse (Daugeliene & Juocepyte, 2012) . In the case of R&D option it is the time that remains until a company reaches that "eureka" moment of innovation or until any catastrophic event is occurred (Ottoo, 2000) . In other words, that other competitors possibly might obtain patents or product/technology earlier or, by any reason, a product is not admitted to the market. In this case such option expires unexpectedly. Time to expiry of R&D option is unknown in the moment of its valuation (Ottoo, 2000) . That is to say, the moment in which diverse R&D projects are finished is unknown; however, some methods exist to approach the above-mentioned term. This issue we will describe further presenting a duopoly model which is employed to valuate R&D projects. Also, the average historical project duration might be considered. That average may be calculated taking an industry data for every particular sector. In addition, this method is complicated in the case of a completely innovative project. R&D in certain sectors (e.g. biotechnological) is a subject of bigger risk (Otto, 2002) .
Duopoly model
As we have indicated earlier R&D projects can be perceived as a real option on expected innovation rents attributed to a new product or technology. This option is a call, and deduction of its value is based on the formula of Black & Scholes (1973) and Merton (1973) 1 . Nevertheless the duopoly model that we are going to utilize in our investigation involves the competition between two rival companies that compete with each other (Otto, 2000) . Fisher (1978) showed that expected rate of return on the hedge security is equivalent to risk-free rate of interest plus risk premium on the hedge security. It adjusts the model in terms of the competition between two rival companies that compete with each other (Otto, 2000) .
Thus, we can derive probabilities of success for two companies utilizing one of the following techniques (Ottoo, 2000) :
• Relative number of patents possessed by each company in its sector;
• If we do not have these numbers then we can use relative value of intangible assets for each company. Nevertheless, many companies do not itemize their patents in their accounting books or they use different "accounting criteria" so this method requires a very good knowledge of accounting;
• Another simpler method consists of estimating the percentage of R&D costs incurred by companies in the period of last couple of years compared with totality of the sector they belong to. It is assumed that certain quantity of the funds spent on R&D is later converted into a determined number of patents generated, adequate for each sector. To make the estimation even more precise, data of more than one year are used, smoothing out in this manner the effect of abrupt oscillations that could arise unexpectedly in a short period of time (in our study we use data from last 5 consecutive years).
However, probabilities should be estimated for paired companies, in other words, taking data for two closest competitors that compete with each other and then estimating their relative probability of success adjusted by their market concentration factor. For instance, EADS is the main Boeing's competitor controlling appx. 65 % of the commercial aviation sector where they compete with each other. Among other important competitors are Lockheed Martin and BAE Systems. Even though there are many other companies in the entire sector of Aerospace/Defense, they compete for different market segments. Thus, relative probabilities of those two companies would be of 36,2 % and 28,36 % respectively.
Necessary data to carry out the subsequent calculations were collated utilizing Edgar database (2010), 1 V = Max[0,R(T) -K] where: V = Pay-offs of R&D option R (T) = expected innovation rents (current value of future cash flows) K = necessary investment to commercialize and market new products (capex) R&D projects generate certain number of patents which is characteristic for each sector. Nevertheless, a patent in a biotech sector and pharmaceutical is more valuable in comparison with other sectors because more money should be spent to generate it (Damodaran, 2004; R&D Scoreboard, 2010) . Once we derive probabilities of success for each company, we can adjust the time to expiry in order then to study R&D options utilizing the duopoly model.
Consequently, time to expiry in our duopoly model approaches and probabilities of success depend on the relative number of patents pertaining to each company in its sector. For example a company that has 2000 patents in the sector that covers 20000 patents will have equal to 10 %. Further, if = 5 % then
which means that time to expiry will be of 4.44 years. Risk of the project measures the uncertainty that accompanies the project, specifically to the future cash flows. For R&D projects of the companies that quote on a stock exchange, the risk is estimated through a "proxy" variable related to the price of common stock and variations of which reflect the uncertainty that accompanies to its future cash flows.
Time value of money is the "price" of money and it depends on the life length of a project. The more time requires the project, more risk it runs. Therefore, a higher rate is applied for long-term projects. Generally, the rate of return of Treasury Bonds is applied. Though a truly risk-free asset exists only in theory, in practice most professionals and academics use short-dated government bonds of the currency in question (Dimson et al., 2002) . For USD investments (Embraer and Bombardier), usually the US Treasury bills are used, while a common choice for EUR investments are German government bills or Euribor rates. The mean real interest rate of the US Treasury bills during the 20th century was 1 % p.a. (Dimson et al., 2002) . Corresponding figures for Germany are inapplicable due to hyperinflation during the 1920s.) That's why our selection of the US Treasury Bonds for both US companies is the right one (see Figure 1 ).
Figure 1. Performance of Treasury Bonds with different maturities. Source: the author's elaboration
For example, to valuate R&D project that requires 5 years, we should apply the rate of 4,12 %. The equation in which the duopoly model rests upon is the following one (Otto, 2000) :
where is the probability of success of the company H (hightype), is the probability of success of the company L (lowtype), r is the risk free interest rate, t is the time to expiry of the option; t constitutes the variable that is not known "ex ante" and only approximates this term.
when the company investigated has competitors = price of the underlying asset; innovation rents that can be attributed to the discovery of a new product or technology (expected innovation rents).
where: v  is the expected return (instant) on the project;  is the instantaneous variance of the expected return; dzv is the Gauss-Wiener process; describes the uncertainty that accompanies the project; K (0) is capital expenditures incurred to obtain the new technology;
The exercise price has the following dynamics:
where:
k  is the instantaneous expected rate of increase of the exercise price; 2 k  is the instantaneous variance of the exercise price;
dzk is the standard Wiener process;
is the cost to insure the exercise price (excess of the rate of return of the hedge security assets over the rate of return of the exercise price); alpha is the equivalent of the risk free interest rate; h  is the equivalent to the risk free interest rate plus ( h  ) premium on the hedge security;
The real option that is evaluated is a call with uncertain exercise price that follows a diffusion process. To solve its stochastic character this term is insured utilizing the asset that is called a hedge security. It compensates unexpected changes of the exercise price. This is possible when stochastic changes of the hedge security are perfectly associated with stochastic component of changes in the exercise price (Fisher, 1978) . This is the reason that justifies the replacement of the risk free interest rate by this factor. , represent bivariate cumulative normal distributions in points and respectively]:
In other words, , might be perceived as probabilities reflecting that our RO will expire in value. Thus, , values close to 1 reflect that R&D projects have a big probability of success. In the case of Embraer and Bombardier these two N()'s took value of 0,99997815 and 0,99975067 respectively.
The conditional volatility that we use to obtain is:
Subsequently we employ this model for Embraer and Bombardier case. These two companies perfectly fit to our duopoly model as they directly compete with each other in the segment of small commuter 70-seat aircrafts (Embraer 145, Embraer 170 and CRJ200 CRJ700 respectively).
Valuation of opportunities of growth. Case of Embraer and Bombardier
Embraer -"Empresa Brasileira de Aeronáutica S.A."engages in the development, production, and sale of jet and turboprop aircrafts for civil and defense aviation markets. Bombardier Inc. is the third largest aircraft company in the world in terms of yearly delivery of commercial airplanes overall, and the fourth largest in terms of yearly delivery of regional jets. Bombardier's most popular aircraft currently include its Dash 8, CRJ100/200/440, and CRJ700/900/1000 lines of regional airliners. Bombardier also has an assembly plant, for its future C-series aircraft, which Bombardier is marketing as a replacement for aging DC-9, MD-80 and early, smaller versions of the Boeing 737. This new jet competes with the Boeing 737-600, Boeing 737-700, Airbus A318 and Airbus A319 and Embraer 195. Bombardier claims the C-series, which the company will offer in 110-seat and 130-seat versions, will burn at least 20 % less fuel per trip than its "nearest" Embraer competitor and achieve "high 20s (percentage) savings" vs. the Boeing 737-600 or -700.
As we can see these two companies are direct competitors and perfectly fit to our duopoly model. Further, we show calculations of the value of R&D option for Embraer in terms of the model presented previously (see Table 3 ) 2 . Continuing the example of Embraer and Bombardier, we carried out a study of the performance of the dependent term (variable), applying changes of independent variables and presenting results in the shape of a distribution through the simulation of Monte Carlo. In our example R&D projects valuation is Gx = 191,11millions $US and this is more realistic value of R&D option for Embraer as MCS is the technique that reduces the uncertainty involved in estimating future outcomes
R&D option considered as a compound option
Embraer/Bombardier as well as other companies should regard another type of real options previously mentioned. In other words, options to delay an investment, options to abandon, options to contract and to expand. All of these real options make up the value of a company. Above all the option to expand should be factored in because it substantially augments the future innovation rents, or said in another way, future investments in publicity and marketing that will take place at some stage, say, in time (after discovering and patenting a product/technology) will obviously lead up to a higher cash flows ( will exchange for ). This is the option of growth and it could be expressed through the following formula:
M is the premium of the option to expand; signifies the costs of marketing;
is the price of the underlying asset for this option: expected rents that assume certain expenditures on marketing (if we invest M, then changes by , ); is the exercise price (previous expected rents); R&D option value is then:
Compound option can be expressed as:
Nevertheless the objective of this analysis does not consist of taking into account all the potentially implied RO's of the company subject of our study (would be impossible due to lack of necessary data), but simply to center us in the study of the RO's incorporated in R&D projects which constitutes the more practical approach and obviously of a greater importance.
Methodology and Discussion

Database
We carry out this empirical study mostly to enhance our findings in terms of managerial uncertainty when it comes to R&D projects. Thus we are using a larger sample analysis expecting that we will arrive at a certain conclusions that will let us better understand R&D projects management. The data utilized in this study were collected using EDGAR-DATABASE 2010. EDGAR is a database for the US Security and Exchange Commission filings required for publicly traded companies. Also, some data were taken from R&D Scoreboard, 2010. In the investigation we use data of 285 companies that are traded on world financial markets with the highest R&D costs in the year 2010. The database contains the following information for each company (data that let us estimate R&D options values for each company on a separate basis). These are: share price , capitalization, sales in the last three or four years, forecasts of sales for the next year pessimistic and optimistic, expected innovation rents, probability of success on the part of both companies investigated and their main competitors, derived expenditures of the implementation of new technologies/products (capital expenditures) from the last three or four years, R&D costs in the last five years, minimum and maximum price of a common stock in the last year and projects volatilities (volatility of the price of a common stock).
Based on Newton et al., 2004) in our statistical analysis we also use other data such as goodwill, proportion of money, proportion of indebtedness, tangible assets, intangible assets, Herfindahl-Hirschm index, number of workers, efficiency of work, cost of own capital, P/E, Franchise Factor, B/V in order to study their relations with opportunities of growth contained in R&D options, VAOC and capitalization of investigated companies. These data are employed in our statistical analysis for the purposes of reflecting the division into two groups of companies -SMC and Blue Chips . Our investigation will discover whether there are any significant issues regarding the size of a company in terms of its R&D projects management. We recall that it might be of a certain importance when coupled with the agency costs that often arise in bigger companies (Jensen and Meckling, 1976; Piper and Weinhold, 1982) .
Accounting Adjustments
The rules of above-mentioned accounting applied to extract some financial data utilized in this investigation present certain objections as they leave a quite extensive degree of the flexibility for financial accountants in classifying the R&D and other intangible assets and this consists above all in different ways of recognition of these terms. Therefore, we carry out our own analysis and we decipher of what these financial data consist.
Descriptive Study
Our focus will be on the six most numerous sectors: Semiconductors, Biotechnologies, Programming & Software, Communication, Chemical and Medical Equipment (see Figure 2 ). In the last years the total value of R&D costs for 285 companies subject to our investigation (representative sample for all population of companies) follows a strong upward trend.
Characteristics of R&D Options
Our findings indicate that majority of companies (279) have their R&D options "in the money", which means that their expected innovation rents that can be attributed to R&D exceed derived expenditures of the implementation of future technological innovations.
Further, in 166 cases R&D projects were not evaluated above their option's premium. This may reflect that managers of these companies do not manage R&D projects properly (deployment of new technologies/products is very expensive) but it is also possible that some of the data used in this study, as for example the expected innovation rents (projected in analytical estimations) have not yet reflected the influence of those technological innovations. In other words, R&D projects by their nature can lead to an unexpected discovery (they contain a "eureka" factor), the one that itself cannot be evaluated a priori considering only the data from previous years. We should also emphasize that only 10 companies had their value of R&D option equal to zero. These companies lose their resources spent for R&D projects or simply the analysts are not yet capable of properly predicting the future sales with respect to the innovations.
All in all, R&D projects add value to the companies since according to the calculations obtained compound valuations of R&D options for all the companies investigated exceeded the values of their R&D costs plus expenditures that correspond to their implementations.
Hypotheses
Formulation of hypotheses constitutes a proposal with respect to some empirical elements and other concepts and their mutual relations that emerge beyond the facts and known data, for the purpose of arriving at a greater comprehension of these ones. In this study 4 hypotheses (H1-H4) are formulated and they permit to derive some objectives in our investigation.
 Hypothesis 1 (H1): Performance of R&D projects remains very well explained by the factors that served us to value R&D options and certain size-of control factors (number of workers, efficiency of work, market concentration) because these ones reflect managerial agency costs. Some of the variables were left the same as we used for the calculation of ROs value. We add several variables to better fit the model. D/A, C/A, GW CF, HH, N, L are added to reflect the level of debt or cash in companies subject to our investigation. SMC's are in majority of cases severely indebted whilst larger Blue Chip companies have excessive cash flows which might bring into existence the agency costs, the problem we marked in the introduction of this paperwork. GW reflects a division for large and small companies and the number of patents they might be in possession. HH reflects market concentration. Further, N and L are two variables controlling the number of employees and the efficiency of workforce which in bigger companies should be lower due to formalization and bureaucracy problems). Also for SMC evaluating (R&D) has been revealed as weak and insufficient. In contrast, medium and large companies evaluate R&D as developed and very developed (Kanovska & Tomaskova, 2012) . We wonder whether these factors affect the value of R&D projects.
The main objective in any statistical elaboration is a construction of a good model. This occurs when the variability of independent variables explains a higher percentage of the variability of the dependent term (in this study the value of R&D option) and when in a model the problems of heteroscedasticity, autocorrelation and multicollinearity do not appear. In other words, some serious errors that reduce the importance of the results are not committed. Appropriate variables of the model are selected so that the investigation is good. In this model we introduce variables that exert significant influence on the value of R&D option and indicate the difference among various groups of companies in terms of managerial uncertainty and agency costs.
 Hypothesis 2 (H2): R&D costs that reflect own investments in R&D influence positively in the value of R&D projects for SMC and negatively in the Blue Chips.
R&D costs represent opportunities of growth only in the group of SMC and these projects add value to these companies. The opposite occurs in the group of Blue Chips. In this group when a company invests in its own R&D projects it actually diminishes its opportunities of growth due to agency costs.
 Hypothesis 3 (H3): Valuation of companies depends on the value of R&D projects and pending patents that these companies possess or are expecting (reflected in intangible assets).
R&D projects augment the value of future sales. Further, they maintain certain percentage of sales pertaining to the past. Assume that a company X belonging to automotive (vehicles) sector remains behind its rivals and does not develop and investigate any new designs for its cars. Such a company refraining itself from investing in R&D would lose bit by bit its percentage in the market. Therefore, the company X would presumably diminish its sale (year after year). In other words, companies that consider their R&Ds as a key-factor in their strategies can maintain themselves always in the top of the product's life cycle (maintaining large mark-ups).
 Hypothesis 4 (H4): Own patents and other patents belonging to affiliated companies and controlled by the parent company influence the opportunities of growth although results are different for SMCs and for the Blue Chips. SMCs rest their access to new technologies and new products rather on their own investments in R&D which later become patents while Blue Chips buy other companies or they participate in a capital of other companies already with an access to new technologies and patents which helps them to manage their excessive cash more efficiently and evade agency costs.
In the group of SMC own patents influence positively the component of future growth. Nevertheless patents of affiliated companies affect negatively that component in this group of companies. On the other hand, in the group of Blue Chips the contrary thing occurs: own patents affect negatively the component of future growth and patents of affiliated companies influence positively in this term. SMCs support their R&D projects rather on their own investments while Blue Chips buy other companies that already have access to new technologies (with "know-how").
Methodology of Investigation
The methodology of this analysis consists of statistical analysis which main objective is to show that, in reality, not only in theoretical models a relation between the variables of the previous model exists and those abovementioned variables explain the value of R&D option. R&D option can be presented as a function of the following variables:
The model that we employ could be denoted through the following equation: where V, P, K, X, D/A, C/A, CF, GW, N, HH, L we define as before, except that Y is defined as R&D of other companies from the same sector.
To apply the model we use the data collected from Edgar database. EDGAR is a database for the US Security and Exchange Commission filings required for publicly traded companies. Also, some data were taken from R&D Scoreboard, 2010.
Results of investigation
The results of the analysis that we carry out are supported in several regressions and they are obtained from endogenous variables (R&D option value, VAOC and capitalization) that are regressed on each one of potentially explanatory variables (the same test is carried out in three groups, in other words, for all companies, SMC and Blue Chips).
In our investigation we have obtained the following results that reflect performance of R&D projects: (see Table 4 ). Standard errors of the statistics in parenthesis. Two-tailed test of t-student is applied. * P <0.05; **p <0.01; ***p <0.001; p stands for p-value and the asterisks *, **, *** stand for statistically significant results.
According to the results presented in Table 4 the following variables: expected innovation rents, probability of success (I), CAPEX, coefficient alpha, CF and efficiency of work influenced positively the value of R&D option. However, only coefficients of the first three abovementioned variables were statistically significant in all groups subject to our investigation (CF only in the SMC group). The probability of success for a "rival" company, volatility of the project, proportion of cash C/A (cash/assets) and number of workers influenced negatively (only the success factor coefficient was statistically significant). R&D costs, proportion of indebtedness D/A, index HH and the goodwill provide different results for each group of companies. R&D costs and D/A influenced positively the value of R&D option for SMC and negatively for the Blue Chips.
Further, the result is significant for the coefficient of R&D costs in both groups and the hypothesis 2(H2) can be accepted with a sufficient degree of credibility. On the other hand, Herfindahl-Hirschman index and goodwill present negative coefficients of regression associated with the value of R&D option for the group of SMC and positive in the group of Blue Chips (only coefficient of goodwill for Blue Chips was statistically significant).
The model presented is valid as an explanatory model of R&D option's value. The is accepted as the test Fstatistic confirms validity of the model, besides the coefficient of determination and the statistic of Durbin-Watson are very high and there are between 6 and 8 variables with significant coefficients in each group, although we have to emphasize that possible influence of other variables could not be fully appreciated (the results are not statistically significant for the variables: v  ,  , D/A, C/A, CF, N, HH, L) due to theproblems of multicolinearity (some variables are correlated with each other), though coefficients of simple regressions -290 -(regressions of the dependent term when regressed on each one of the explanatory variables on a separate basis) were statistically significant.
Another quite important issue is that volatility of the project (which is contradictory to the Black-Scholes model) influenced negatively the value of R&D option (although results were not statistically significant). This happens because majority of the projects have very high intrinsic values, in other words, the options analyzed were "deep in the money". Given the equation: Company's Valuation = Value of existing products + Value of patents + Value of future R&D projects (Damodaran, 2004) , we carry out another cross-sectional regression to study the influence of the value of R&D option (value of future R&D projects) and intangible assets plus the goodwill (own patents and patents of affiliated companies) on company's valuation (see Table 5 ). Standard errors of the statistics in parenthesis. Two-tailed test of tstudent is applied. ***P <0.001; p stands for p-value, *** stands for statistically significant results.
The results reveal that for each group of companies the value of R&D option and value of patents (own patents and those of affiliated companies) are related positively with company's valuation because all the results are significant except the coefficient of the value of R&D option for SMC (see Table 6 ). This supports the hypothesis 3 (H3) with a sufficient degree of credibility. The hypotheses H3 and H2 are not contradictory (although they seem to be) since the last one (H2) is connected rather with the relations between R&D costs and the valuation of R&D projects and the H3 corresponds to the influence that the value of R&D projects and patents (own or other) exert on the total valuation of the company. In other words, the evidence that R&D costs only promote opportunities of growth for SMC and not for Blue Chips does not deny another type of evidence for this last group of companies that stands for a positive relation of a company's valuation with its R&D projects value (although we expected the opposite).
Further, we present results of another regression where the value of opportunities of growth is portrayed as a function of intangible assets (patents) and goodwill (patents and intangible value of companies that pertain to their parent-companies) (see Table 6 ). Standard errors of the static in parenthesis. Two-tailed test of t-student is applied. * P <0.05; **p <0.01; ***p <0.001; p stands for p-value *, **, ***, stand for significant results statistically.
Also, the results of our study support hypothesis (H4), because coefficients of intangible assets (positive) and goodwill (negative) for SMC indicate that these companies support their opportunities of growth rather by starting new R&D investments on their own (if this was not the case, then these companies would presumably diminish their opportunities of growth). The contrary occurs when it comes to the Blue Chips where coefficients were the opposite. Besides, the test of Chow (see Table 7 ) confirms that the model built by the subset of companies with the lowest capitalization and the model that includes all the companies subject of the study are significantly different. In other words, they have different coefficients of regression (break even for 90 companies with lower capitalization). This reflects that the relation between the opportunities of growth (VAOC) and the variable "intangible assets" and goodwill is different for SMC. 
Conclusions
In this paperwork some real options frameworks were demonstrated to value R&D projects. We focused on the case of Brazilian Embraer and its main competitor Canadian Bombardier. In order to value Embraer's R&D projects we employed a duopoly model which reflected some flexibility factors and the competition between both rival companies subject of our investigation.
We also present a duopoly model for R&D options for these two rival companies that compete with each other, testing several formulated hypotheses.
Further, to enhance our study we carried out a larger sample analysis for the purpose of analyzing some managerial aspects of flexibility/uncertainty of R&D projects. We studied R&D performance in terms of projected changes of key factors from their environment. Our research of 285 companies with the highest R&D costs in 2010 provides very useful results from a managerial point of view. This investigation comprises of a formulation and testing of several hypotheses. Thus, we recall that the objective of the Hypothesis 1 was to test whether performance of R&D projects depends on different factors, among others: expected innovation rents, probabilities of success for two rival companies that compete with each other, expenditures with respect to the implementation of new technologies, premiums required to insure the uncertainty of expenditures that correspond to implementations of those new technologies, proportions of money, proportions of indebtedness, operating cash flows, patents of affiliated companies, numbers of workers, market concentration (reflected by Herfindahl-Hirschman index) and efficiency of work.
The main objective behind our Hypothesis 2 was to demonstrate that R&D costs (premiums of R&D options) affect positively R&D projects values for SMC with capitalization below 1 billion US$ and negatively in the group of Blue Chips mainly due to the agency costs. The Hypothesis 3 supported the possibility that R&D projects and patents possessed by investigated companies form part of the valuation of those and affect positively R&D projects valuation. In the Hypothesis 4 we highlighted the supposition regarding own patents and other patents belonging to affiliated companies and controlled by a parent company and their possible influence on the opportunities of growth. We also demonstrated different results for SMC and for Blue Chips. The investigation that we carried out supported all formulated hypotheses.
The results of our investigation provide evidence that the component of future growth, which forms part of the value of a company, depends on the number of patents pertaining to companies and newly started R&D projects which subsequently will become patents possessed by those companies. Our results indicate significant difference between SMCs and Blue Chips. Basically, SMC tend to start new R&D projects on their own while Blue Chips buy other companies that already have access to new technologies.
Further, R&D costs only represent opportunities of growth for SMCs. This reflects that R&D costs affect positively the value of R&D projects only in this group of companies. On the other hand, in the group of Blue Chips the opposite is the case because R&D costs influence negatively R&D projects, which means that they do not represent such opportunities of growth. The Blue Chips base their access to new technologies rather through buying other companies that already have "know-how", whilst SMCs start new projects. SMCs do not buy other companies and if this was the case, then they would presumably diminish their opportunities of growth. Also, this research study provides empirical evidence through descriptive statistics and econometric investigation. We proved that R&D projects add value to companies (in both groups of companies). The hypothesis 3 (H3) was supported with a sufficient degree of credibility. This hypothesis (H3) is not contradictory (although it might seem to be) to the hypothesis 2 (H2) as the latter corresponds rather to the relation between R&D costs and valuation of R&D projects and H3 corresponds to the influence that R&D projects and patents (own or other pertaining to associated companies) exert on total valuation of companies. Besides, the results of our investigation may contribute to the management of R&D projects as we indicate which environmental factors favour R&D projects in terms of their valuation.
